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October 15, 1992 

Washington, D.C. 20460 
Attn: Section 8(e) Coordinator (CAP Agreement) 88928818586 

Dear Coordinator: 
8ECAP-0025 

On behalf of the Regulatee and pursuant to Unit II B.1.b. l'llld Unit II C of ilie 
6128/91C.l\P Agreement, E.l. DuPont de Nemours and Co. hereby submits (in triplic•te) the 
atiacbed stldies. Submission of this informaticn is voluntary and is occasioned by unilateral 
changes in EPA's standard as to what EPA now coru;iders as report.able information. 
Regulatee's submission of information is made solely in response to the new EPA t8(e) 
repurting standards and is not an admission: (1) of TSCA violatiou or liability; (2) that 
Regulatee's activities with the Wdy compounds reasonably 3'Upport a conclllsion of mbstantial 
health or environmental risk or (3) that the studies themselves reasonably support a concluston 
of !.ubstantial health or environmental risk . 

The "Reporting Guide ·• creates new TSCA 8( e) reporting criteria which were not 
previcusly announced by EPA in its 1978 Statement of Intell'retation and Enforc=ent Policy, 
43 Fed Reg 11110 (March 16, 1978). The "Rr . . '>rting Guide states criteria which e.::-~ds 
upon and conflicts wifh the 1978 Statement of In;.;.Al'retation. Absent amendment of the 
Statement of Iotell'rctation, the informal isswuK:e of the "Reporting Guide" raises significant 
due processes iss'.1es and clouds the appropriate reporting standard by which regulated persons 
can assure TSCA Section 8(e) compl.ia!'.ce. 

Counsel 
Letal D-7158 
1007 Msrket Street 
Wilmington, DE 19898 
(302) 77 4-6443 

Better lhings for Better Llvins 
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A TI' ACIIMENT 1 

Submission of information is made wtder the 6/28/91 CAP Agreement, 
Unit II. This submission is made voluntarily and is occasioned by aecent 
changes in EPA's TSCA §8(e) reporting standard; ~uch changes made, for 
the first time in 1991 and 1992 without prior notice and in violation of 
Regulatee's constitutionaJ due process rights. Regulatee's submission of 
information under this changed standard is not a waiver of its due process 
rights; an admission of TSCA violation or liability, or an admission that 
Regulatee's activitie1i with the study compounds reasonably support a 
conclusion of substantial risk to health or to the environment. Regulatee has 
historically relied in good faith upon the 1978 Statement of Interpretation and 
Enforcement Policy criteria for determining whether study inbrmation is 
reportable under TSCA §8(e), 43 f~a11110 (March 16, 1978). EPA 
has not, to date, amended this Statement of lnt-:rpretation. 

After CAP registration, EPA provided the Regulatee the 
June I, 1991 "TSCA Section 8(r,) Reporting Guide". This "Guide" has been 

further amended by EPA, EPA letter, April 10, 1992. EPA has not indicated 
that the "Reporting Guide" or the April 1992 amendment supersedes the 
1978 ~tement of Interpretation. The "Reporting Guide" and April 1992 
amendment substantively lowers the Statement of Interpretation 's TSCA 
§8(e) reporting st.mdard:!. This is particularly troublesome as the "Reporting 
Guide" states criteria, applied retroactively, which expands upon and 
conflicts with the Slat~t of Interpretation.3 Absent amendment of the 
Stattment of Interpretation. the informal issuance of the "Reporting Guide" 
and the April 1992 amendment clouds the appropriate standard by which 
regulated persons must assess information for purposes of TSCA §8(e). 

2m sharp contrast to tbe Agency's 1977 aad 1978 actions to r'Jliciting public comment on tbe proposed 
aad final §8(e) Policy, EPA has unilaterally pronotmced §8(..:) substantive RpOrting criteria in tbe 1991 
Section 8(c) Guide without public DOtice aad comment, See 42 Fed Bee 45362 (9/9177), "NotifiCo\tion of 
SubstaDtial Risk under Section 8(e): Pmposed Guidance" . 
3A comparison of tbe 1978 Slllcment of lntcrprplation aad tbe 1992 "RepoLing Gwde" is a appeaded. 
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Throughout the CAP, EPA has mischaracterized the 1991 guidan:::e as 
reflecting "longstanding" EPA policy concerning the standards by which 
toxicity infonnation should be reviewed for purposes of §8(e) complianr.f:. 
Regu1atee recognizes tMt experience with the 1978 Statement of 
Interpretation may cause a review of its criteri. Regulatee supports and has 
no objection to the Agency's amencing reporting criteria provided that such 
amendment is not applied to the regulate(! community in an unfair way. 
However, with the unilateral announcement of the CAP under the auspices of 
an OCM enforcement proceeding, EPA has wrought a terrific unfairness 
sinee rr.uch of the criteria EPA ha!i espoused in the June 1991 ~ 
~and in the Ag~ncy's April 2, 1992 amendment is new criteria which 
does not. exist in the 1978 Stalement of Interpretation and Enforcement 
&ilicy. 

The following examples of new criteria containt>.d in the "Reporting 
Guide" that is not contained in the Statement of Interpretation follow: 

o even though EPA expressly disdaimG each "status report" as being preliminary 
evaluations that should Dill be regarded as fmal EPA policy or inteor4, the • Reporting 
Guide" gives the "status reports" peat weight as "sound and adequate basis" from 
which to determin~ DWidatory reporting obligations. ("Guide" at page 20). 

o the "Reporting Guide" contains a matrix that establishes new numerical repo~g 
"cutoff" concentrations for acute lethality information ("Guide" at p. 31 ). Neither 
this matrix nor lhe cutoff values therein are contained in the StatemenlJU 
Interpretation. The regulated community was not made aware of these cutoff values 
prior to i.-swmce of the "Reporting Guide" in June, 1991 . 

othe • Reporting Guide • states new specific definitional criteria with which the Agency, 
for the first time, defmes as 'distinguishable neurotoxicological effects'; such 

criteria/guidance not expressee in the 1978 Statement of Interpretation 5; 

othe "Reporting Guide" provides new review/ reporting criteria for irritation and 
sensitization studies; S'oJch criteria not previously found in the 1978 Statement of 
lnterpretation!En{orcement Policy . 

othe "Aeporting Guide" publicizes certain EPA Q/A criteria issued to the Monsanto 
Co. m 1989 which are not in the Statement of lnterpr~; have never been 
published in the federal Re&ister or di.ctributed by the EPA to the Regulatce. Such 
Q/ A establishes new reporting criteria not previously found in tbt: 1978 ~J:U 

lnte;:pretation/En{orrwement Pvlicy . 

4-rbe '11atus reports' address the significance, if any, of particular informatioo reported t:> the Agency, 
rather than staring EPA's interpretation of §8(e) .eporting criteria. In the infrequent instaDces in which the 
status reports contain discussioo of reportability, the malysis is invariably quite limited, without 
substantial supporting scientific or legal rationale. 
5 See, e.g, 10/2/91 letter from D·• Pool to EPA regarding the definition of 'lerious md prolonged 
effects' as this term may relate to transieott anesthetic effects observed at JetbaJ levels; 10/1/91 letter from 
the American Pt!troleum Institute 1o EPA regarding clarification of the Rcportine Gujde criteria. 
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In discharging its responsibilities, an administrative agency must give 
the regulated community fair and adequate warning to as 
what constitutes noncompliance for which penalties may be assessed. 

Among the myriad applicatioos of tbe due process clause is the fimdameutal principle 
lbat statutes md regulatioos which purport to govmJ conduct must give an adequate 
warning of what they command or f~rbid.... Even a regulation which governs 
purely eoooom.ic or '.ODUDercial activities, if its violation can eagender penalties, 
must be so fnmed as to pro•1 ide a constitutionally adequate warning to those whose 
activities are governed. 

Diebold. Inr ··. Marshall, 585 F.2d 1327, 1335-36 (D.C. Cir. 1978). See 
also, &illin 1 {ircnemntal Services CNJ) Inc. y, U.S. Environ!rum1al 
Protection~·~. ~-37 F. 2d 649 (D.C. Cir. 1991). 

While neither the are rules, This principle has been applied to hold 
that agency 'clarification', such as the Statement oUnterpretation, the 
"Rtl!porting Guide" nor the April 1992 amendments will not applie<! 
retroactively . 

. .. a federal court will not retroactively apply an unforeseeable mtt-rpretatio.:. of an 
Administrative regulation to the detriment of a regulated party on the theory that the 
post hoc interpretation asserted by the Agency is genel'ally consistent witil the 
policies underlying the Agency' r; regulatory program, when the !leiiWltic meaning of 
the regulations, as previously drafted and construed by the appropriate agency, does 
not support the interpretation which that agency urges upon the court. 

Standard Oil Co. v. Federal Eneriy Ad~, 453 F. Supp. 203, 240 
(N.D. Ohio 1978), affd .s.yb nom. Standard Oil Co. v. Department of 
Eneriy, 596 F.2d 1029 (Em. App. 1978): 

The 1978 Statement of Interpretation does not provide adequate notice 
of, and indeed conflicts with, the Agency's current position at §8(e) requires 
reporting of all 'positive' toxicological findings without 
regard to an assessment of their relevance to human health. In accordance 
with the statute, EPA's .i. 978 Slate~~rpre.tatiog requires t.~e 
regulated community to use scientific judgment to evaluate the signh1ca.'lce of 
toxicological findings and to determining whedter they reasonai,iy surJX>rt a 
conclusion of a substantial risk. Part V of the Stfl~J~_.~~ 
urges persons to consider "the fact or probability" of an effect's occurrence. 
Similarly, the 1978 ~Q[ Interpretation stres!k. ··. that an animal study 
is reportable only when "it contains reliable evidence ascribing the efft.c-t to 
the chemiC'.al." 43 Fed Rei. at 11112. Moreover, EPA's~wu...m 
lnterpretat.km deftnes the substantiality of risk as a function of both the 
seriousness of the effect and the probability of its occurrence. 43 fc.ci.&~ 
11110 (197&). Earlier Agency interpretation also emphasized the 
r.substanticl" nature of a §8(e) determination. See 42 Fed Re& 45362, 45363 
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(1977). [Section 8(e) findings require "extracrdinary exposure to a chemical 
substance ... which critically imperil human health or the environment"]. 

Tht: recently issued "Reporting Guide" and April 1992 Amendment 
guidance requires reporting beyond and inconsistent 
with that required by the Statement of Interpretation. Given the statute and 
the Statement of Inter:pretation' s explicit focus on substantial human or 
environmental risk, whether a substance poses a "substantial risk" of injury 
requires the application of scientific judgment to the available data on a caY.­

by-ase basis. 

If an overall weight-of-evidence analysis indicates that this 
classification is unwarranted, reporting should be unnecessary under §8(e) 
because the available data will not "reasonably sup}X>rt the conclusion" that 
the chemical presents a S!tbsta.atial risk of serious adverse consequences to 
human health. 

Neither the legislative history of §8(e) nor the plain meaning of the 
statute support F.P A's ~nt lowering of the reporting threshold that TSCA 
§8(e) was intended to be a sweeping information gathering mechanism. In 
introducing the new version of the toxic substances legislation, 
Revresentative Eckhart included for the record discussion of the specific 
chc.mges from the version of H. R. 10318 reported by the Consumer 
Protection and Finance Subcommittee in December 1975. One of these 
changes was to modify the standard for reporting under §8(e). The standard 
in the House version was changed from "causes or contributes to an 
unreasonable risk" to "causes or sigr.ificantly contributes to a substantial 
risk". This particular change was one of ~veral ma.de in TSCA §8 to avoid 
placing an undue burden on the regulated community. The fin~ changes to 
focus the ~;cope of SectioJ• 8( e) were made in the version reported by tlte 
Conference Committee. 

The word "substantial" means "considerable in importance, value, 
degree, amount or extent". Therefore, as generally understood, a 
"substantial risk" is one whi.ch will affect a considerable number of people or 
pcrtion of the environment, will cause serious injury and is based on 
rl'!asonably sound scientific analysis or data. Support for the interpretation 
can be found in a similar provision in the Consumer Product Safety Act. 
Section 15 of the CPSA defines a "substantial product haz.anl'" to be: 

"a pro:iuct defect which because of the pattern 
of defect, th~ number of defective products 
distribu·led in commerce, the severity of the 
risk, or otherwise, creates a substantial risk 
of injury to tlte public." 
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Similarly, EPA has interpreted the word 'substantial' as a quantitative 
measurement. Thus, a 'substantial risk' is a risk that can be quantified, See, 
56 ~a32292, 32297 (7/15/91). Finally, since information pertinetlt to 
the expost~re of humans or the environment to chemical substances or 
mixtures may be obtained by EPA through Sections 8(a) and 8(d) regardless 
of the degree of potential risk, §8(e) has specialized function. Consequently, 
information subject to §8(e) reporting should be of a type which would lead a 
reasonable man to conclude that some type action was required immediCJ tt.ly 
to prevent injury to health or the environment. 
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Attachment 

R _ 10rting triggers found in the 1978 "Statement of Interpretation/ Enforcement 
Policy",43 Fed Re& 11110 (3/16178) and the June 1991 Section 8(e) Guide. 

T£STTYPE 197H POLICY New 1991 GUIDE 
CRITERIA EXISU !;RITERIA EXISTI 

ACUTE LETHALITY 

Oral N} Y} 
Dermal N} Y} 
Inhalation (Vapors) }6 }7 

aerosol N} Y} 
dusts/ particles N} Y} 

SKIN IRRITATION N y8 

SKIN SENSITIZATION (ANIMALS) N y9 

EYE IRRITATION N y!O 

SUBCHRONIC 
(ORAUDERMAUINHALA TJON) N yll 

REPRODUCTION STUDY N y1:2 

DEVELO~NTALTOX y13 y14 

643 Fed Ree at 11114, comment 14: 
"This policy statements directs the reporitng of specifiec effects when unknown to the 
Administrator. Many routine tests are based on a knowledge of tox.ic:ity associated with a 
chemicalL unknown effects occurring during such a range test may have to be reported if 
they are those of concern tot he Agency and if the information meets the criteria set forth in 
Parts V and VII." 

7~ at pp.22, 29-31. 
BQ.u.Uk at pp-34-36. 
9Y1Wk at pp-34-36. 
IOY:Iilik at PJr34-36. 
11Q1Wk at pp-22; 36-37. 

l~atpp-22 
IJ43 Fed Ree at 11112 

"Bir1h Defects" listed. 
14Q1Wk at pp-22 



• 

. , 
NEUROTOXICITY 

CARCINOGENICITY 

MUT AGENICIT\' 

l.o lftro 
In lim 

ENVIRONMENTAL 

Bioaccumulation 
Bioconcentmtioo 
Oct/water Part. Coeff. 

Acute Fish 

Acute Daphnia 

Subchronic Fish 

Subchronic Daphnia 

Chronic Fish 

AVIAN 

Acute 
Reproductive 
Reprodcutive 

1SG1Wk at pp-23; 33-34. 
1643 Fed Ree atllll2 

• Cancer • listed 
nr·.~/.J~~ ' .:o t pp-21. 

N 

y16 

Y}18 
Y} 

Y} 
Y}20 
Y} 

N 

N 

N 

N 

N 

N 
N 
N 

!843 Z:·\l . .RCli at 11112; 11115 at Comment 15 

8 

"Mutagenicity" listed/ in vim Yj invitro discUSHed; discussion of • Ames le2l". 
19G1Wk at pp-23 . 
2043 Fcxl Ike at i 1112; 11115 at Comment16. 

y1S 

y17 

Y} 19 
Y} 

N 
N 
N 

N 

N 

N 

N 

N 

N 
N 
N 



CAS I 584-84-9; 26447-40-5; 9016-87-9; 5124-30-1 
Chem: Toluene 2,4-dHsocyanate <TDn;; metbylenebisphenyl 

Title: 
Date: 

isocyanate (MDI); polymethylene polyphenylisocyanate 
(PAPI); and 4,4-methylenebiscyclobexyl isocyanate 
Immnnopathological features of isocyanate compounds 
4/16174 

Summary of Effects: depr~ion; incoordinAton, hyperactivity 
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K. P. Lee, D.V.M. 
Senior Research Pathologist 

J. 0. Aftosmie 
Managor - Puthology Section 

13. C. Me Kulick 
/\IIOOiatt Oireutor 



IJv{lvfJN·)PAT"n•)I.f>:HCAL ft;~'!Y~S Or' ISOCYANA'l'E COMPOlJNDS 

Haskell Laboratory Re port No. g!2-7l~ 

M~£t£_a_L~~~ch ProJ. ect No . 1~:£:.:2. 

c. F. Reinhardt/J. A. Zapp 

c. r... Dickinson, Jr./B. c. McKusick 

P. E. Smi th/11. J. Trochimowicz 

J. R. Bnrnca/.J. G. Aftosmis/R. s. Waritz 

J. F. ~!organ 

D. R. Hood 

H. Shennan 

c. s. Hornberger 

F. D. Gl'ifflth 

Hnokoll lAboratory Cantrnl File 

T. L. Cuirno/E. D. Do~lter, Jr., Central Research Dept, 

K. P, !.eo 
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WIMUNOPATHOLOGICAL FEATURES OF ISOCYANATE COMPOUNDS 

Has_~ell Laboratory Report No. 249-71+ 

Medical Research Project No. 10-C-5 

The ~eroRol exposure and meaGurements of airway resistance 
were performed by Mis11 Rhoda M. Browr. undel' the direction of 
Di:•, Franklin D. Or1ff1 th. The pass ~,ve cutaneous anaphylaxi.o and gel 
llif!Usion tests were carried out by Mr. Francis L. Ulmer and 
Mr. William I. 8wo.n nnder the diroction of Dr. Ki Poons Lee, Oroso 
patholo~y wao co.rri~I.L out br Mr. August H, Stenholm, Mr. William I. Swan 
anct Mr. Francis L. Ulmer under the supervision of Dr. Rudolf CUlik 
and Dr. James 0, Aftosmis, Microscopic slides were preparod by 
Mrs, Jean A. Hoatotler, Mr. Anthony T. DiLorenzo and Mrs, Joan A. Dimeler 
under the dirttction or Dr, Ki Poons IAe, Hiatopo.thologic «~valuation 
of th~ tissues wo.s conducted by Dr. Ki Poons Lee. 
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MfUNOPATHOLOGICAL FEATURES OF : SOCYANATE COMPOUNDS 

Haskell Laboratory Report No. 249-74 

Medical Research Project ~o. lO·C-5 

The causal relationship between sirway resistance and 
patholo~ical changes, as well as immunological response, was examined 
for guinea pi~s following consecutive aerosol exposure to toluene 2,4-
diisocyrmate (TDI)t'methylenebisphenll isocyanate (MDI),V'poly· 
methylene pol.yphenylioocfno.tc (P/,P:fJ\l*) ~nd 4,4-methylenebiscyclo· 
hexyl isocyanate (Hylene W) ,· Serum antibodies were detected by 
passive cutaneous anaphyJaxis (PCA) tost in the oera from guinea pigs 
exposed to TDI but other j.socyanatoa failed to produce positive reaulto 
when test"d at lower concentrations, Significant ele~tion of airway 
resiatance in response to a single challenge exposure to TDI was o~tained 
after conaecut~ve sensitization expoaurea, augseatins an aathma•like 
ro8ponae. Challenge to PAPr® p1•oduoed alight airway resistance J other 
isooyanates failed to elicit airway resistance following challonR• at 
lower cor1cent:.oa tiona, Guinea pigs exposed to TDI rewaled prominent 
exudate conoiotin~ mainly of PMN (polymorphonuclear) leuoooytea in the 
airwaya and it ouperimposed to obliterative bronchiolitis, Prominent 
obliterative bronJhiolitio with precipitate of inhaled material was 
found in tlHI guinea piss exposed to PAP:t®. Othftr iaooyanatea induced 
alight tracheobronchitis. 

* Regifttered trademark nf Upjohn Company for polymothylone polyphonyl· 
iaocyanate, 
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IMMUNOPATHOLOGICAL FEATURES 0F ISOCYANATE COMPOUNDS 

Haskell lAboratory Report No. 249- 7·~ 

Medical Research Project No. lO ~C-5 

INTRODUCTION 

Isocya.nates o.re widely used today in the production of IJOlyurethane 
r - ~~. naints, lacquers, adhesi\es, and insulating materials. Zapp described 

\~tail the toxicological and industrial ~. 3pects of isocyanates (76), 
~~vnnate vapor~ which is liberated during the production of these products, 

·'tJn known to cause irritation of skin, mucous membranes of the con• 
,1unctiva, and respiratory tracts of a.nimalR and IT..unans (10, ~2, 1~3, 75). 
In addition, thero were reports indictl.ting ext ·rtnsic asthma•like reactions 
in workers who were exposed repeatedly to low concentrations of theae 
compounds (31~, o5, 69, 75). Respi ratory hype1•sensitivity creates a aerious 
problem among workers because hypersensitive persons become unable to work, 
Cumulative affects of toluene 2, h' ·d11aocyanate ('l'DI) on the lung and 
decreas~d pul~nonary function were found among symrtomatic and a.symptomatic 
workers (56, 59). 

Important qu~stions have not been fully explained for ~ny years as 
to whether aothn~ilc symptome and puuncnary lesions resulting from isocyar.~te 
exposure were related to immunological reactiono ~r to diroct chemical irri· 
tation, 'l'he purpose o1' this study 18 an attempt to c1etennine immunogonicity 
as woll as croca•antigonicity or ieooyunato1, and furthonnore, c~u•al re­
lationships between pa.thologice.l cho.ngos of tho lung and irrununological 
rosponso, 

MATERIALS AND METHODS 

Aoro11ol ~xpo1tt1re 

After a series of inhalation testa tor guineA pigs with vurious 
concentrAtions of th~ isocyanAte& to dotermin• tolernble concentrations 
for conucutive sensitization expoau.-ea, '0 malo albino i\lineA piss wno 
divided into five cqu!S.l Sl'OUiJS am\ exposed a.a followa: 

Group 1 - Serve~ ar ~ontrol and txpoaed to air, 

Group 2 ~ Exposed to 'l'DI at an average or Go, 7 "tJ.G/L during 
nnllt1:mt1on &a.ud 9. ~ 'tJ.i/L fo1• tA singlo ohallongo 
exposure, 
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MATERIALS AND METHODS (Continued) 

:~erosol Exposure (Continued) 

Group 3 - ExpoAed to an averngc of ~. 6) '-'' g/L or polyethylene­
polyphenyli.aocyanate (PAPFJ.w.) c.luring sensi tiza.tion 
and 1~.60 ~g/J.. for a uingle e,;nnllen~e exposure. ' 

Group !~ - Expoocd to a.n a.vcrngo of 0.')11 "tJ.g/L of mcthylcno t ~> ph"L ' 'r ~ 
isocyanate (MDI) during sensitization and 2.5 ~~ / L fc.;:" a 
single challenge exposure. 

Group 5 - Exposed to an average of 6,70 ~g/L of 4,4~ethylenebis• 
cyclohcxyl isocyanate (Hylene® W) as the sensitizing 
exposure and 1.6o ~g/L for a single challenge exposure. 

~socyanate aerosols were obtained by heating at 75 , l20°C in an 
.... lJ ............ ~.us as shown in Figure 1. Dry house-air was metered iui.o a roWld· 
bottomed flask containing th~ ~socyanato through a sta.inlcsa steel nebulizer. 
The aerosol po.ssed through a glass "idc-o.~1n deli very tube with an ll.ir 
dilution port into an 18-11 ter bell jar which was used as an exposure 
chamber. Samples of the chamber atmocphcro were taken at lcnst three times 
during each exposure and analyzed by using the colorimetl'ic method (3'(, 1~5). 
As sensitizing eAPosures, one group of six guinea piga wero exposed to each 
isocyanate four hours per dny for fivo dnyo. Subsequently, two weeks after 
tho last oonsitiziug exposure, tho guinoa pigs received • oinglo cho.llouge 
expusure for four hours. Three animals wore sacrificed ii'Tilnct111\tely nfter 
tho cho.llonge exposure au1d ar.ot~cr throe animals we ro killed oeven dnya 
later fo:r po.thologic!i.l examination. Dlood waa collected fr~.J,,I the heart at 
the time of the sacrifice in order t.o obtain anti•ilocyano.te immuno lltnun..'} 

for PCA anu tho gel diffusion test, Lungs were fixed by infusion with 
Douin' o oolution o.nd prupa.rid for microacopic olidon. 

PASSIVE CUTANEOU!:I ANAPI!Yl.AXIS ( PCA} 

Methode ba~od on a report of Ovary wera uaed (51), A aeries of 
titrntion tontn wore porformcd on tho akin of suinoa piga u1ing vurioua 
concentration• of th~ iaooyanate oompounda in order to dotarminu proper 
concentrations for a challonso doao and to avoid non•upoo1fio roAot1on. 
Six teat aitea were prepared on the doraal aurtace of tho akin of a guino~ 
pig, artor ah&vins tho tur 21• hour• prior to intradonnal inJection or tho 
anti1era, Ouinea piga ~oro PASSively aonaitizod by intradtrmal injection 
with 0.1 ml or a.ntiaora, After a lf.tont poriod or 21~ houra 1 0,5 to l ml of li 
F.vRn'tt blut dyo in aalinc waa injeotoct 1ntrtLClf\rn1ally """then 0,5 ml of 11, 
TPI 1 1~ MDI, l~ PAP~ and O.l~ J~lono® W in dioxane wer. applied topically 
on tho aHoa injected with the antiura, The lit.t injootod with TDI 
anti1orum w~• u1ed •• a po1itive control an<1 normal ••rum wa1 u1ad aa a 
nesativo control . Al1o1 1itea whero iaocyanato alone wa1 applied wore 
uoed &I neaative controla, In addition to suinoa pis anti•iaocyanate 1ora1 
nwnan .. ra from five 1ubjecta, clinically 1uapoctod to be hyp.traenlitivo 
to TDI, wore oubjoctod to thia toot, 

* Resiattrtd trademark of Upjohn CompcLny for polymothyleno polyphonyl• 
illOCy&n&tt, 
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In order to obtain ~e antisera for isocyanates, one group of 
rabbits and guinea pigs were immunized by daily topical skin application 
with 0.5 ml of 1% isocyanate in dioxane to the shaved back for two weeks. 
Another group of animals received intramuscular injections for 10 dayE 
with 0.2 ml of isocyanate antigen which was prepared by mixing 1 ml of 10% 
isocyanatea wHh 10 ml of incomplete Freund's adjuvant. 

GEL-DIFFUSION TEST 

The gel-diffusion test was based on the procedures described by 
Ouchterlony (50) and Lee and Olson (40). TDI-bovine serum albumin (BSA) 
c('ln~ ........ t.e was prepared by a modification of Campbell (16). 

Airway resistance was measured by a mo~ification of the method 
described by Amdur and Mead (1), 

~SULTS 

Clinical Observation 

During sensitization and challenge exposure to TDI, the guinea pigs 
revealed respiratory difficulty, i.e,,mouth breathing, or ga~ping for air. 
The animals also showed general diacomfort ouch aa hyperemic ears, hyper­
activity with subsequent depression, laorimntion 1 nnaal d1sol~rge 1 o~anoai~ 
and incoordination. In comparison with the TDI exposures, animals expose~ 
to MDI, PAP~ and Hylene~ W developed mild respiratory diatroaa, hyper· 
activity and ear hyperemia, At the beginnin~ of each oxpoauro, the control 
group wao excited a~d then became restless throughout tho expoauro period, 
'l'ho blood cell cuuut revealed nonnal limi tis of eoiSinophil numbor, but hoterophil 
number was inoroaaod modorftt~ly in all of thA animAl~ following exposure to 
the iaooyanates, 

Airway Reaiatanoo 

The resulta or the airway resi~tanoe me~aurementa durlns the control, 
sendthation, recovery, and challenge oxposuroa with the four hocyatut.tes 
aro illustrated in Fisuro 2 and Table I 1 Tho average of the moaauromentll 
mado on the control animala waa used as the control baseline for comparing 
each sroup'a roapon••~ Durins tht aena1t1•at1on pariod, the animal• expoRed 
to '!'DI developed steep atepwhe increaau in airway ruhtanoo and Attained 
valuoa approximately three timta hishtr than the baseline ltvtll1 In the 
oaao or PAP~ an4 Hyleno® w, small but ttat1at1oally aisnltic,nt 1norea••• 1n 
airway roaiatano• were reaosni~td durinl ••n•it~&ation, while animAls expoat4 
to MDI wore wj thin the baatlint levels 1 In tho reallvery period, ,1rway 
reaiat&not or animals oxpoatd to TDI deoreaa•d sradually and returned to ba••· 
lint ltvtll 1 In oontra1t, animal• expou4 to the other i1oo~natu returned 
to within baatlint ltvela after a short pericxt ot time, After a ltlnsl• challenge 
expoaure, the airway nliatanot inon&ltd abruptly in the anirn&lll expoaod to 
TDI, while animal• expoltd to PAr~ ahowtd a 1li1ht increase in the airwat 
roaiatanoo~ '~cntovor, animala •1CI'OIId to Mni and Jtyltne® W did not product 
any 1tat1at1oally lilnltloant 1noreact in airway rtlht&not 1 
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~TS (Co~tinued) 

Pass:!.'."~ Cutaneous Anaphylaxis (PCA) Reaction 

The results of cross ~ensitization are oummarized in T~ble II. The 
guinea pigs sensitized with TDI antisera showed positive reactions, while 
other isocyanates failed to elicit th~ PCA reaction (Fig. ?). There were no 
cross sensitization reactions between TDI and the other isccyanates (Fig.J2-17). 

The sensitivity of reaction with TDI was not precisely equal in 
sensitized areas of the skin , TI1e anterior dorsal skin ar.d near the 
midline revealed clear-cut blue spots. The lateral skin showed comewhat 
more diffUse coloration. The most intense coloration was obtained in the 
.,, . -:~hal skin, wheJ.-eas caudal skin r~vealed less co1omtion. When 0.1 ml of 

::.:.: in dioxane was injected :tntradermally as the challenge dosa, the 
"' ral portion of the injection sites exhibited yellowish-white spots due 

.·.osis, anrl blue coloration developed around the necrotic spots. However, 
~v~1r.al skin ~pplicati9n with the challenge rlose did not cause any necrosis 
and developed strong uniform blue spots. Positive reactions appea:r.ed within 
three minutes after challenge and rl!!ached maximwn intensity -within 15 minutes. 
Subsequently~ the blue spota faded gradually, but a faint trace of blue color 
was still recognized h8 hour3 after the challenge. 

Gel L'iffusion Test 

The undiluted a.ntisero. from a group of guinea pies which wero sensi­
tized by aerosol exposure with four ioocyo.ne.too were tested. In addition, 
antisera from other groups of rabbits and guinea. pigs immunbed by intra­
musculnr injection with Freund's adjuvant or topical skin application were 
diffused on micro-Ouchterlony alidas against TDI-DSA antigen or l~ solution 
of four 1iffcrcnt ioocyanatoa in dioxane. Precipitin line did not form in 
any of.' the gel diffUBion tcoto using different combinations of the antigens 
and antisera, 

Pnthology of Skin 

aro~oly1 irrogular-ohapod blue opots wore found on tho cutaneoua 
surface of th~ reaction sitos, and tho subcutaneous tissue w~o oovoroly 
odomatuua, gelatinous in appearance and tingod with hlue dye coloration, 
Tho o1 toll 'rrhich were 1 nject.ed with th.~ control .'JOrll c.. ,' ' ~ ohall~tnfled by the 
iaocyunatoa revealed a slight polymorph~nuoloar ( 1ucooytic infilt~tion, 
upocially around tho !)orivuaculJt.r aroru of the dtt · . , tho fibrou• aepta 
of adipose tiaauo and intoratitial tiaauo of tho muaclo, 1~o •ites that 
were aonlitiuc\ with TDI antiura and ohcr.llonged by TDI exhibited prominent 
louoosta.lia ana leuoW.iapodoaia with o<loma in tho nuhoutaneouq tiuuo (Fig, ''), 
Thoro wort larso a.ooumulation• of RttN leuoooytftft in the fillroua aopt.a botwoon 
thft subcutaneous tat lobuloa and inttratitial t~~suo of tho muaclo (F1s. 5), 
After ::?1~ hours poat•ohallenso, the numbor ,.,f PMN louoooytos and odoma 
dtorea .. d markedly and was eradually ropl.Aotd by lymphooytoa and monocytoa, 
The litu which woro unaitiud with ot.hor hocyana.toa and oha.llonRed by 
corre11pon<lini bocya.na.toa or crooe•ohallongod by TDI revealed a simila.r 
tiuue rea.otion 11 ohaoi'V'Itd at tho control ai toa, 
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RESULTS (Continu~d) 

.L'athology o.f Lung 

TDl Exoocure 

The superficial cells of the a.ir passages were necrotic and partially 
slougheu off bl\t ro.r~ly extended into the smootr muscle of the bronchial tree. 
The remai~ing epithelium showed hype1~lasia and hyperactivity of the mucous 
secretion. Most of the air passo.cco wel'e filled ·~o~ith mucinous or fibrinous 
exuuate which contained predJminently PMN leucocytes, dcaqunmnted epithelial 
cellz and a fe .' round cells (Fig. G). Some bronchiolar lumina were obliterated 
by mural polypoid protrusions with infuimmntory exudate forming cr~scent-like 

·--.s~'\gcs. In t1. few severely darMged bronchioles, the lumen was almost 
~tely obliterate.::\ by gnnuloma.tous tissue which wao fanned by organizing 

'· ~P leaving a slit·lilte spo.co betweeu the epithelium and the intraluminal 
. · 1 mass. ·rtte subr:1ucosa or the tral!hea and lar·ge bronchi was swollen 

and infiltrated by P:-tfN leucocytes ~nd round cells, The small bronchi and 
bronchioles wero cuffed predominently with lymphocytes, plasma cells, 
munocytco a.nd FMN leucocytcs, The 1.nflalllii'V1 tory rea<.:tion wao confined sharp~'.' 
to peribronchial or peribronchiolar areas, 

PAP:r® Exposure 

The nir pnAoa.gos 1\nd a.lveolnr rocponso to PAP1<1') were baaically slm1l11r 
t.o those of TDI , In cont:rust to TDI 1 PArr® dill not produce prominent !lcute 
infl.all'liTilltory oxuJ.ato o.nli mucus in tho a.ir pnoao.goa (Fig, 7), Inho.led PAP:r® 
wa~ reallily recognized as minute droplet£ or ua linea:- Pl''=cipitnto on tho 
epitholiwn or tho air pnaoa.gos r"ulins necrooill anll oh11torative bronchiolitis 
(Fig. 0), Tho ~rocipito.te wa". diehtly birorringont undor polArized microscopic 
examination, Pale yollow rorr"ctilo d,roploto 1 ranging in size from 1 to 5~.~o 
in dii'Jilctor1 woro found mainly in desquarMtoJ opitholio.l collo 1 ouporfioial 
opitholium of the air pa.oaa.goa 1 a.lve1Jlar macrophagoa 1 and Alveolar aeptal 
cellr. (Fig, 9), Thll opi thelial rog..,ncratio;l and orsa.nizing uxullute became 
more pJ•onouncod on the seventh Jny pc.,at•c)CJ)oouro. 

MDI Exposure 

Most or tho air pa.aoa.gca a.ppoa.rod t\.1 .>o nonna.l, A few brouohio.l troos 
showed tlfH:tquwna.tion o!' ouvort'iclo.l epithelium u.n<\ opitholb.l l'cgcncro.tion 
(F'ig, 10), In oom~rillon with othor 1socyano.tca 1 damasc or a.ir pu.uu.sos Wl\1 
vocy mild, a.nd obliterative bronoh1olit11 waa not euoountcroc\, 

Hylon~® W txpoourc 

rn a~ite of ,p1tholio.l damae• or the paoaaKea, only a. nogl1g1blo 
amount of acute inflAnln&tOl"Y oxu®to na found within tho luman fln<1 no 
oblitarBtivo bronoh1ol1t1a developed. In oontraat to othor ilocyan"toa, the 
opitholiwn of the lArs• air po.uasta rovtalod prominent hyponnuooua aoorotins 
activity o.nd prtoipitattd II'Atorial was .lilt rooosnhtcl in thG bronchial 
opitholiwn (F11, 11). Superficial traoh~al epithGlium waa Joaquamatod and 
aho~arl partia:.. 1quamou1 mota~lalia, Afttr tho aovonth day pont•ohl\llcmgo, the 
op1 thelium or tho ILir paaaase• waa rosonoratad and intralwn1no.l I.IXUllat.o wtu• 
orga.nhod, 

Note: J>atlliled patholosy of lunsa ia d01cribod in Pathology noportc 
No, 0•·70 and No, 26·71, 
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DISCUSSION 

The question as to wh~ther immunologic mechani~ms are involved in the 
i.a.znrd of i5ocyanate exposures io far frorn settled and beckons new investi­
gative al~ Prt·:.tches, Also, li'ttle inforT!Iation is avd.ilable about cross 
sensitization problems among isocyanates. 

Clinical SYJnptcxn:; 01· ..,·orkcrs exposed to isocyanates have suggested the 
possibility involvin~ immunologically mediated hypersensitivity, However, 
no concrete evidence for an immunological response to isocyanates among 
workers appears to have been reported, Sensitive worlters exhibited an 
asthma-like reoponse to minimal atmospheric concentration of iaocyanatea 
which failed to provoke any pulmonary respons e to non-sensitized people (118), 
"''" ·lr~ :s showing typical bronchia.l a.athmo.tic symptoms frequently 
11 .; eosinophila. (10, 65, 69, 75). Previously sensitized workers 
'" ' ~.uked a11 t.hrr.atic signs within a few minutca after inhaling an 
in ..... . . · nt o.mount of isocyanates (8), A relatively long latent period 
between initi~l exposure and symptoms suggeative of oensitizati)n has been 
ob:Jerved nmong exposed work£:ro (l15, r-;9). Since normal workers _:evea.led 
asthmatic symptoms following exposure to relatively high airborne isocyanate 
concentration for a short period of time, or to moderate concentration for 
a longer period (10, 75), it is difficult to diatinguiah cy olinioo.l oymptorno 
whether the asthmatic ru~ction to tho iaor.yanate expocure ia caused by direct 
ch~mir.l\1 irrito.tion or by immunolo~iC':l.l hypersonsit.ivity, 

The reaction of o.llergi~ inho.lo.tion toot co.n bo divided into 1nunodiato, 
late o1· d~1a.l in terrn:i of their apoed in appearing and peri:rhernl renpirr\tor y 
(ta.llorgic a.lwolitia) or 'tironchio.l allnrgic reaction (1+2), Inunodiato reac tions 
a.ro of rapid •mt~et and heein withi n 10 m:\.nuteo, reach a peak by 15 to '0 
rninutoo, and reoolva opontaneouoly within ono to three houra, The rndchaniarn 
of ths immediate alle-re;ic reaction in tho h\.IJT\Il.n luns haa not been clearly 
r1~fiMrt, b11t it 1, IJoetull\tec1 t.hl\t bronchial obstruction io largely attribut• 
aule L•'J mediators, probably histamine, BER•A, brndykinin, aorotonin o.n(\ 
proot~gl~ndino (9). Roloaoo of onzymoa from loucocytes may bo an important 
ph~nomonon in the lAte ll.llersic roa.ction (13, 1~7), Tho lyRonornal anzymeo of 
tho PMN leucocytu a.ro the oouroo of the modia.tora involved in the devolopment 
of infl8.JTIITlntion o.nd lo~o.l vuaculitio (73), 'l'hooo workura oxpooed to 'L'DI 
u~Sun.lly rcoponclcd to la.to ll.llergic reaction u.nd oooo.oiona.lly to imrnocUa.to 
rou.ction, 

Imrr.odiu.te reaction occurs in the airways and oau3ea asthma without 
oyotomatic foo.turea such a.a ftvtr and leucocytoaio, '!'hill mAY provoke a. 
blood ooci11ophilia. ucually O.IH!Ocia.tod with inmodia.to•ty-pe akin aonaitivity 
(25). Tho immediate aatlwatic roaction correlated with roaainic akin 
i~naitizins antibodita tha.t have rocontly boon identified AI IsE immunoglobulins 
(2;? ~ 74), In aLoplc MuuJecLd, Lhtt 1rrullijtll~Ltt rc~cUou 1a malllatotl by the Istt 
antibodica, while in nJna.topic aubjooto it may be due to rea antibo(\1es (5~). 

Late a.athmAtic roaotiona besin between 3 a.nd 13 houro, usually between 
J, and IJ houra art.or allorson inhalAtion, They Pl'Ogl'CUIS ~o a n~tJ.ximum mt~l'O 
a lowly - within one hour or ovor aovtral houra and o.ro more prolonged, uauo.lly 
within :?II to 1~8 houra, but mn,y ltut for uvf.tr'ILl. daya. Their foaturos include 
fol.lriJe atta.oka with PMN louoooytoaia, aathma. and periphera.l roapiratory 
ro~a.otion c.·r o.a a.n asthmatic reaotiou in which tho ayatornio foaturoa are leu 
prl'ldictab: o, 
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DISCUSSION (Continued) 

These late asthmatic reactions have been observed following the 
inhalation of a variety of !Xlrticles including house dust (7, 29, 1~1~), 
grass (19), ragweed pollen (1~6), &icillus ~Uis enzymefi (51>) 1 cotton 
dust (70), Hood dusts (66), lrds (53), plicatic E1cid (17), and amino­
ethe.no.lamine {n7). Close cuaelation to dual skln reactions and 
pre:ipitating antibodies have r1ot been found in the inh'lled particle:: 
just mentioned, The late reaction with pyrexial and periphernl respiratory 
reaction has been reported in pati~nts with farmer's lung (5), bagassosis 
(26, 28), malt worker's lung (18, 62), bird fancier's lung (ZT, 61), 
mushroom worker's lung (31) and fish-meal worker's lung (3). They were 
associated with precipitating antibodiea, and in malt worr.er's lung and 
bi"l'>l fancier's lung with late ·:: kin reaction, The precipitating a.nti-

' lnvolved in late asthmatic l'eactions were !gA, IgG, <H' I~ (22), 

:;heel, et al. used PCA and gel diffusion techniques to demonstrate 
_t:>e ....... .l'h: TDI antibodies in the sern of rabbita immunized by intravenous 

injection of TDI egg albulnin ~onjugates ( 61,), However, the possibility 
that the serum antibodies might be associated with the cA.rr1Pr 11rotflin 
cannot ll.! ruled out, Converoely, Thompson and Scheel reported negative 
results in ~:~.n attempt to intenllify scMitivity to TDI cxponure for 
pert.ussls-treatc:ld 1"U.ts a.nd to depreRa sensitivity for alloxan-t.rented ro.tR 
(72), They auggestod that the pulmonary response to TDI exposure was due to 
chemical irritf\tion 1·ather than immune reaction (72), 'l'he serum o.ntibodies 
wor~ dcmonstro.tod with MDI ogg nlbwnin conjugnt.oo by tho 1-'CA toot uoing 
guinea pigs and the sera from h1~o.no ~xpoaod to MDI (~5). Howevor, no 
dcto.ilod informo.tion 1o provided in order to question wh~thor tho exposed 
subjocto bocnme sensitized, Direct akin testa of o.ppnrontly sensitized 
humAns with TDI itself havo failed to ahow positivu reaction (C~, G9), 
necently, in o.n n.ttompt to demonstro.to "orwn l'DI nntibodion in tho aero. 
from hUllliLns, 'l'DI human sor1~ albumin (liSA) conjugatoa hD.ve be~Jn uaed u.s 
t.~At. Antigen,. n.ncl utili7.erl t.hfl following tttchni •lllt.!lll lymphocyt.e trnns­
fonnntion teat, PCA tent, Pro.usnit.z-KUatnor toot (P•K toot), rnsnivo 
hcrM~glutino.tion test, leucocytun h1otu.m1no roloaoo, and the gel l\1ffusion 
test, Ot' thane toota, only t.ho lymphocyte tro.noformo.tion t.~~t revoo.led 
positive roaction, auggooting tho preoonce of TDI u.ntiuodieu, oth\;.r teats 
prod,1cod negative rosulta (2, 8), Tho lymphoblnut tro.nsfornat1on or 
lymphocytes in culture prosontod some ovidonco to oupport tho po11sibil1ty 
that nothmo.tic oymptomD of hum11no oxpoood to 'l'DI may be an immunolog1clll 
ronction modilltod by lymphocytes, 

The molecular atruoturo of the iaooyanatu uaod in thBIH~ oxpor1.111antn 
WM.W ~ulLw 1J.lfftartnt., t.ho uuly convnon thing wa.11 tho prosencw of hocya.na.to 
~r.oup(a) (NCO), Brucknor, ot nl, notod that tho iaocyana.to group o.tto.chod 
to vnrioua o..11.pho.tio o.nd o.rorMtic moloculoa wa.a ruponoiblo 1'or tho obomico.l 
reo.ction aM well as tho ll1olog1cal ttffoota of tht iaooyv.natu oompound11 ( 0), 
In our antigen propBro.tion for sol diffudon, it waa impossible to accurately 
ot~timAtlt tho nwnbu or TDI ho.pton11 per molecule or BBA, ainco 'l'OI roo.oted 
with water. Probably 'l'lli•LlElA oonJueo.toa 11.'\y not. bo the pruper iiMlunologicnl 
vulonoo to elicit o. precipitin ronotion, 
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DISCUSSION (Continued) 

Several investigators have demonstrated that the human immunoglobulin 
class differs in its ability to ;ensitize animal skin. Human skin sensi­
tizing antibodies (reagens) residP. in a unique immunoglobulin class that has 
been dedgnated as IeE (23, 30, 37). These antibodies also flcnsitize m.onkey 
skin ~nd produc~ P-K and PCA reactions parallel to those found by direct test 
(24, 38, 39). In contrast, the capacity to pasoively sensitize guinea pig 
s~:tn is limited to certain subclass ~f IgG (71). Human precipitating anti­
bodies 13a.vc positive ~A reactions in guint~~ pigs but r:':>t in monkeys (11). 
In the ca3e of reEpiratory allergy duu t-.o moth f:ies, a.ntibody nctiv:lty 
was demonstrated in the patient's 6crum by the direct skin test and passive 
transfer to human and monkey skin, but not to guinea pig okin (60). In 
theAP. ~xperiments, f1 ve ·~·orkers who worked in a plant producing isocyana tes 

. .-: ·! products and who had asthmatic symptoms were subjected to the PCA 
.• the guinea pigs. The number of subjr.cts was too small to draw a 

... ··'J>lanation for the negative results. However, it cannot rule out 
t,.. p ...... t~l&.Jili ty that th" negative results of the PCA test might be ascrib~ble 
t~ the human imm1moglobulins which involved the bronchial asthmatic symptoms 
but were unable to sensitize the guinea pig skin. Among the several factors 
+.hat might account for failure to obtain positive results from the PCA test 
with the sera from guinea pigs exposed to MDI, PAP~, and Hylene® W, low 
antibodr titer was auspected bec~use the guin~a pigs were exposed to 
relatively low atmospheric concentrations of isocyanates for a short period 
of time. In order to clarify thic que~tion, anti•isocyanat~ hyperimmune 
sera, which were obtainod by topical skin application with isocyanates or 
by intramuscular injectio:l with iaocyanates in incompl.oto Fraund' s adjuva.nt, 
were used '.l.~or tho ~A teat. Ouinea pig anti-TDI sora produced uniformly 
pcsitive reactiona of PCA, but negative ~aults wore obtained invariably 
with other ant~·iaocyanatoa aora. 

It han been roportod that ~01~ of tho aaymto~N~.tio individual• inhaling 
organic dust antigens may develop tJerurn precipi ti.ns to thoao matoriala 
without davaloping any feature• of a hyperaenaitivity pnournonitia (1~, fl, 1:.~, 
20, 23 1 55, 61, G~). In addition, precipitina a.nd MDI aerurn a.ntiuoc\ion 
against known antigono tond to diminish or diaa.ppoar with ccaaa.tion of acuto 
diaeo.oe activity OG: 55). In vi ow or the sa fo.cta, an imm nologico.l toot 
should be used only aa confh"'''lUtory evidence. Obacrva.tion of workoro aftor 
natural oxposure to iaocyunatea muat be conaidored to havo a moro aignificant 
vuluo for aoreonins hyporaonoitivity. 

Several .. ... t; l have reported r!toroaloa in ventilatory function that 
occurred during t .. .~ aymptomatio porioi 1n 1ubjoota .suai~Qotad of reapiratory 
aonsitization by TDI (,6, 69, 65). Somo o·ridonoo for a. cumulative offaot 
wo.a augge11tod by measurement• or rorotd expiratory volume in 1ocnnd (Ef'Vt ) 
i'or ono week (59). Subaoquantly, tho prtltnoo or a oumulati ve of foot of TDI 
on ventilatory capacity waa oont'irmed after rolle7tt-up atudioa among thtao 
workers for aix month• to two year• (57, '8), In this atudy, tho alight 
elevation or airwar reaitta.noo whiol1 oocur~d during aenaitizat1on with 
Jlylono® W and PAPr'P miiht bt attributable to a diz-.ot irritative effect :m 
tha air pannasoa. A similar alight ventilatory ~ooreaao waa reported in 
non•aonaitictd hurMnA with iaooyv.na.tea folle7tting expoauro to TDI and MDI (~(.). 
BovercLl ohomiaal oompounda were known to oauao bronohoapuum 1u a .rooul\.. or 
direct irritation on tho re~pirv.tory pauagoa (21, ~~., 1,9). ConJooture\t 



DISCUSSIO~ (~ont1nue1) 

from the observaticn of the abrupt increase in airway resistance with TDI 
challenge, the presence of serum antibodies detected by the PCA test, and 
the prominent exudative changes, as well as plasma cell infiltration in 
the airways, TDI may be a potent chemical sensitizer causing asthmatic 
pulmonary response. However, it should be mentioned that f'..1 rther im­
,;:,mological studies are necessary to prove definitely whether or not 
the s erum antibodies de.nor.strated by the PCA test arc responsible for 
respiratory hypersensitivity. Interpretation of the slight elevation 
of the airway resistance in guinea pigs following PAPriD cl~llenge was 
P 1.fficult because the magnitude of airway re::istance was not as drastic 
as that sten in TDI challenge and because of the negative results with 
the PCA test, In view of the marked oblitera.tive bronchiolitis, slight 

... r"sistance may be related to damaged air passages and direct 
tion rather than immunological reaction. Easen on atmospherie 

·· ~-r-\tion of isocyanates in these experiments, it is improper to 
. ~he results of airway resistance and pulmonary lesions seen in 

'lDI exposure with other isocyanates because animELls were exposed to 
different atmospheric concentrations. However, in tenus of aerosol 
sensit i zation, atmospherh: concentrations of other isocyanates were high 
enough to inducP. immunological reaction, s1nce animals succtmbed to the 
exposu r e when the atmospheric concentration was raised in an attempt to 
obtain hyperimmunc sera by aerosol exposure. 

o clarify whether ncg&.tivc PCA rcnctiona of isocyANltes, 
other t han TDI, were due to sensitization with lower atmospheric con­
cent.ra.t i ns, rabbits and guinea. pigs wore hyporimmunizoc1 by intra­
muscular i njcct.ion or topical akin application with tho same amount of 
isocyanates . The only positive PCA test reaction was obtained from TDI 
antiserum. All othor iooc~nate antisera produced a negative reaction. 
From these re sults, one can rule out tho possibility that tho negative 
PCA test was rulated to low«-r sensitizing concontro.tion.o of tho ioocye.no.tes. 
A possible o:v:plo.nation for the pouitivo PCA renotion after TDI exposure 
is the relatively high concentration of NCO groups in TDI in comparison 
with the ot.ht!r iflonynnatea. Since the aqui valent weight of TDI 11 
o.pproximo.trJly 70~, of the other iaocyanatea hated, the suinon piga in the 
TDI oxpotHJ.reo recoi v~d roughly 5C!f., moro NCO groupa per woight of doac than 
for the leu volatile !socyana.tea. Thera is a difforonco, therefore, of 
one to t'IIO ordtlro of rno.gnitudo greca.tcr concontrLl ~.lt.m of 1aocytmu.~~ fuucUorus 
in the 'l'DI exporimonto vs. the other iaoo~nntoa. 

Little ill known roe;llrding pulmonary roaponlh. •. to l.mmunologl.oMl 
reaction. IJobow dcocribod th· following patholoaical ohnngos aa crite~ia 
to allordc pnoumonlt.ia; extend ve _.oa1noph1l1 ·· J'Otot1ooa 1 plaama ooll 
infiltrntion, an~itia or granulomatosia, and nonoaaeatinB granuloma auoh 
u urooidoaia ("l). Tho llathrrllltio pationta axhlbitod sanvna slobullna 
tgA, o, nnd/or M depolita bonoath the bronchial epithollum (11•, 15, 68). 
In ll't.lffnta with aathma, recont i~m~unohiltoohomioal atudioa MVO ahown 
non•peoific localization or IgE. It wa,a impoaa1blo to diatinsuilh tho 
akin teat poaltivo individual from tho akin toat nosativo individuAl on 
t.h~ huia or the number of Ia~·oontaini.ns mononuoltl\r ovlla in tho bronohld 
noct1or. (11,). Tho lung cau bo pa1•t or acute sonarollr.od llllo:-sio roaotlona 
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characterized by exudation. The infiltrati on of PMN leucocyt~s 
in the early stages of allergic reaction in farmer's lung (6). 
mononuclear cells, plasma cells and lymphocytes appeared in the 
stage of t ile allergic reaction. 

occurred 
The 
latter 

After the TDI challenge, the striking histologica.l ,_ha.'1ges were 
heavy infiltration of f-MN leucocytcs in t~e airways superi.Il'.posed pon 
change:: of chronic obli teroti ve bronchioli tis, and dense peribronchio.lar 
cuffing with plasma cells. The chronic bronchioli tis was p7.·obably 
produced by ~onsecutive sensitizRtion exposure with TDI, a.n1 subsequently 
heavy PMN leucocytic infiltratinn was induced by challenge exposure . 
Abundant exudate, mainly PMN leucocytes and damge in the airways appeared 
t.'"' ''~ p9rtially responsible for the marked elevation of airway residtance. 

KPL: ljm 
April 16, 1974 



TABLE I 

Cor.:aris~. r.Jf .lir..-ay Resistance in winea Pigs Sensitized . cyana.tes 

Ave!"age em H;P/Kl/Sec + Standard Deviation 

Isoeyam.te ~~-~~ Perio.'!. Sensiti.2..ation Peri<Xi Recover-i Period Cr~ller~e Period 

Coutrol o.')B:X) ~c.~ 0.4769 :. 0.03 0.5502:. 0.05 0.4574 .::. 0.07 

PAPI 0.5335 ~ c.~ 0.6438..:::. IJ.l; C.5453 ,.:. 0.03 0.7503 .:::.. 0.21 

?DI 0. !.899 :. c. J5 L l 6o9,.:. 0. 36 0.8180 + 0.24 1.1693 .::. 0. 30 

eylene~ W 0. 5829 ..::. 0.10 0.7332 ,.:. O.l6 0.5485 ..::. ::>.05 0.4240 .::. 0.05 

M!JI O.l889 .:., 0. of 0.4231 :. 0.10 - 0.4702 + 0.08 



------------------
TABlE II 

Cross-'Reactivi.ty of Guinea. PillS Sensitized by Isocyanate Coopound!: 

Skin Application ~r o-f Int~den£1 Injection Antisera (Sensitizer) 
(~e"ge} _ _ ·- ___ Guinea ~ Control TDI P~ MDI _!trlene® W 

'rni 51 + 

PJ.~ l7 

Mm 1 

ft7~il 9 

Code: - = Jiegative 

- = Sli~t degree o-f cllange _ 



TAEIE III 

Pul:::lon!!.rt lesions of Gu.inea PiEs Er.>osed to Isocyanatt --~unds 

Patho~-i.~ Iesit:nS in Air ?a..ss~es 

EpitheliAl Des~tior: 

Intrehl!::iD1'l1 Inn2:z:E.tory Exu~te 

E fi. tbeli.an .H;n:erpla.sia, Begene ~ ti0:1 

Cbll teyati "Ve :Eronchioli tis 

Peri bronchioli tis 

Freel pit&. te 

Code: - = ~_geti-ve. 

+ = ~_:ry s~t de~ of c}:e.nge. 

+ = ~t degree o"f cl:e..nge. 

-+=~rate degree of ~e. 

+-+ = )l'arked ~ of c~e. 

TIH 

~ 

~ 

... ~ 

~ 

Isocyanate Ccmpounds 

!wffil PAPJ® 

+ ++ 

+ + 

+ ++ 

++ 

+ + 

+++ 

Hylene® W 

++ 

+ 

++ 

+ -
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